Background: ST is a term used to describe tears, calcifying tendinopathy, tendinosis and/or injuries in and around the tendon of the supraspinatus muscle, and is a cause of forelimb lameness, especially in sporting and performance dogs.
INTRODUCTION
The shoulder joint of the dog is distinct in its ability to withstand large forces and allow for great mobility while maintaining the control needed for stable and precise function of the forelimb. Both the stability and function of the shoulder joint relies on a complex network of supportive soft tissue structures, specifically those of the rotator cuff which include the supraspinatus, infraspinatus, teres minor, and subscapularis (1) (2) (3) (4) . The supraspinatus is an important passive stabiliser of the shoulder joint, and is responsible for shoulder extension and advancing the limb (3, 4) . Several degenerative disorders have been identified in both humans and dogs involving the supraspinatus tendon including rotator cuff tears, calcifying tendinopathy (bony mineralisation within the tendon) and tendinosis (microtears within the tendon) (3, (5) (6) (7) . ST is a term used to describe these clinical conditions and/or injuries in and around the tendon of the supraspinatus muscle, and is a cause of forelimb lameness, especially in human athletes and performance dogs (5, (8) (9) (10) (11) (12) (13) (14) .
The aetiology of ST in performance dogs is thought to be repeated strain activity and overuse from chronic repetitive activity, with a failure of adequate remodeling (8, 10, 13, 14) . While inflammation may play a role in the initiation of ST, it generally does not in the propagation and progression of the disease process. Histology of pathologic supraspinatus tendons shows either absent to minimal inflammation with hypocellularity, a loss of tightly bundled collagen appearance, an increased proteoglycan content, and lack of neovascularisation in response to injury (5, (14) (15) (16) (17) (18) (19) (20) (21) (22) . Tendons damaged from repeated strain demonstrate discontinuous, disorganised tendon fibres with little to no inflammation and occasional mineralisation within the tendon and bony remodeling at its insertion site in chronic cases (14, 21) . In chronic cases, calcification at the site of insertion has been well documented in both humans and dogs (17, (22) (23) (24) (25) .
Diagnosis of ST can be made on the basis of a combination of orthopaedic examination, imaging, and diagnostic arthroscopic findings. On initial presentation dogs with ST typically present with a weight bearing lameness on the affected limb that often worsens with activity. Direct palpation of the tendon and flexion of the shoulder commonly produces pain, and the supraspinatus muscle may be atrophied (10, 22, 25, (26) (27) (28) . Mineralisation of the supraspinatus tendon can be identified with diagnostic imaging modalities such as radiography, computerised tomography, magnetic resonance imaging (MRI), and diagnostic ultrasonography (10, 17, 24, (29) (30) (31) . The most common finding on MRI is enlargement and increased signal in the area of insertion of the supraspinatus tendon over the greater tubercle of the humerus on T2 Weighted Image (T2-W) and STIR sequences (10, 32) . Diagnostic musculoskeletal ultrasonography is a relatively new technique that has been used and validated for the diagnosis of ST in both humans and dogs (8, (33) (34) (35) (36) (37) (38) (39) (40) . Musculoskeletal ultrasound provides a non-invasive definitive diagnosis of ST, and allows for facile and cost-effective sequential exams to assess response to treatment (8, (33) (34) (35) (36) (37) (38) (39) (40) . Changes in size, shape, and echogenicity of the tendon found on diagnostic ultrasounds indicate ST.
Conservative treatment of ST includes medical management of acute inflammation, controlled activity, rehabilitation therapy, acupuncture, deep cross-friction massage, heat, ultrasound therapy, range of motion (ROM) and stretching, and therapeutic laser therapy. Extracorporeal shockwave therapy has also been used in chronic calcified ST in both humans and dogs (2, 14, (42) (43) (44) . As in humans, other treatment options include regenerative medicine therapy and surgery (10, 14, 16, 17) . Platelet-rich plasma (PRP), stem cell therapy (SCT), or a combination of these may be directly injected into the tendon under ultrasonographic guidance. Surgical intervention (debulking or releasing the supraspinatus tendon) has been documented in chronic cases that do not respond to conservative management and rehabilitation therapy. In addition, arthroscopic evaluation of the shoulder can be performed to rule out concurrent pathologies, such as medial shoulder syndrome. Rehabilitation therapy as previously described is crucial following any surgical treatment (45) . Healing can be confirmed by improvement in lameness, pain on palpation, improved range of motion, and improvement in appearance of the tendon using MRI and/or musculoskeletal ultrasonography.
While there is a great deal of literature regarding the presentation, clinical findings, diagnostic imaging characteristics of ST in humans, to the authors' knowledge there is limited literature describing ST in dogs. The purpose of this retrospective study is to describe clinical findings and diagnostic imaging characteristics for dogs with ST.
METHODS & MATERIALS
Medical records of client-owned dogs diagnosed with ST were reviewed from 2006-2013. Data collected included signalment, history, limb involvement, prior treatments, physical and orthopaedic examination, diagnostic imaging results (radiography, MRI, diagnostic musculoskeletal ultrasound), arthroscopy findings, presence of concurrent shoulder and elbow pathologies, and treatments performed. Dogs were included if a diagnosis of ST was made based on a combination of orthopaedic examination findings and diagnostic imaging findings. Dogs were excluded if medical records were incomplete.
RESULTS

Dogs:
A total of 327 dogs were diagnosed with ST from 2006-2013. All records were found to be complete. Ages ranged from 4 months to 14 years (average 6.5 years; median 6 years). No sex predisposition was apparent, as there were 142 female dogs (20 intact) and 185 male dogs (41 intact). The different breed representations are displayed in Table 1 . Performance and sporting dogs accounted for 39.4% of the population, and companion animals accounted for the remaining 60.6%. Of the performance and sporting dog population, 58.1% participate in agility. At presentation, a majority (74.6%) of dogs failed to respond to NSAID therapy, and 40.8% failed to respond to a dedicated rehabilitation therapy program for ST, which consisted of weekly rehabilitation therapy sessions for a minimum of 8 weeks.
Unilateral lameness was more common than bilateral, 62.4% and 37.6% respectively. The average lameness score, graded from 0 (sound) to 6 (non-weight bearing lame), was 2.1 (median 3). Duration of lameness at initial presentation ranged from one week to over one year. Less than one third of dogs (26.6%) had a chronic (>1 year) lameness. Of the remaining, average duration was 14.7 weeks (median 13 weeks).
Physical Examination Findings:
A physical examination was performed on all 327 dogs. On physical examination, pain on direct palpation of the supraspinatus was found in 49.3% of dogs. Pain/spasm on shoulder extension and abduction was noted in 59.5% and 59.9%, respectively. Pain/spasm on shoulder flexion was recorded to be found in 64.1%, and pain on biceps stretch was recorded in 48% of dogs.
Radiography:
Shoulder radiographs were performed in 283 dogs (86.5%). Mineralisation was noted in 37 cases (13%) ( Figure  1 ). In the 123 dogs with bilateral ST, mineralisation was noted in 10 cases; 8 unilateral and 2 bilateral. Elbow radiographs were performed in 267 dogs (480 elbows), and 76 of those dogs (28.3% of total ST dogs) had signs of elbow disease. Sclerosis was noted in 28.3% of elbows and degenerative joint disease (DJD) in 15.9%.
Magnetic Resonance Imaging:
MRI of the shoulder was performed on 31 dogs. All MRI images were reviewed by an American College of Veterinary Radiology certified veterinary radiologist. Of these 31 dogs, 50% of dogs had findings indicative of ST including hyperintensity of signal on T1 and STIR sequences of the ST at its insertion on the greater tubercle ( Figure 2) . A flattened or oval appearance of the biceps tendon, loss of fluid around the biceps tendon within the bicipital groove at the level of insertion of the supraspinatus, and/or displacement of the biceps tendon from the bicipital groove characterised biceps impingement secondary to ST in 50% of cases (Figures 3 and 4) . Fatty replacement at the myotendinous junction (seen on the T1 weighted image) of the supraspinatus was present in 30% of cases. Mineralisation of the ST was noted in 16% of cases.
Diagnostic Musculoskeletal Ultrasonography:
Diagnostic musculoskeletal ultrasonography was performed in 255 dogs (78%). The supraspinatus tendon was evaluated in both the longitudinal and sagittal plane for each of the following characteristics: size, shape, echogenicity, and boney irregularity at the insertion. The following changes were also reported if present: biceps tendon pathology, synovial proliferation, and increases in synovial fluid volume within the biceps sheath and/or shoulder joint. Of the 255 cases, mixed echogenicity was found in 89.2% of cases, irregular fibre pattern was found in 52.5% of cases, the supraspinatus appeared enlarged in 50.6% of cases, a core lesion was
Arthroscopy:
Shoulder arthroscopy was performed in 218 dogs. Of these, elbow arthroscopy was performed in 168 dogs; 23 dogs had elbow arthroscopy only. A total of 271 shoulders were evaluated via arthroscopy. Of the 271 shoulders, a supraspinatus bulge was noted in 82.2% of dogs (Figure 7 ). Of these, biceps tendon impingement was noted in 38.7% of dogs. While 29.2% of dogs had bicipital tenosynovitis, biceps pathology was noted in 37.6%. Pathology of the subscapularis was observed in 62.4% of dogs; medial glenohumeral ligament (MGL) pathology was present in 44.6%; labral tear in 32.8%; cartilage defects in 21.8%; and bone eburnation or osteophytosis in 11.1% of dogs. Of the 168 dogs evaluated via elbow arthroscopy, 257 elbows in total were evaluated. Of the 257 elbows evaluated, 54.5% had elbow pathology, of which 34.6% had fragmented medial coronoid processes, 5.1% had evidence of medial coronoid disease, and 14.8% had end stage medial compartment disease. The remaining 45.5% were within normal limits.
DISCUSSION
A total of 327 dogs were diagnosed with ST from 2006-2013 representing the largest accumulation of supraspinatus tendon injuries in a retrospective study to date. There was no apparent age, sex, or breed predisposition. Diagnostic musculoskeletal ultrasonography of the shoulder was performed in 255 of the 327 dogs. Changes consistent with ST were noted on diagnostic musculoskeletal ultrasound in the majority of cases. While the diagnostic musculoskeletal ultrasonographic grading scores and their significance are still being assessed, diagnostic musculoskeletal ultrasonography should be considered as a useful imaging modality in diagnosing ST. Musculoskeletal ultrasonography has several advantages over MRI. It is quicker, more economical, and can be performed without anesthesia or sedation in most instances. Also, sequential ultrasonographic examinations during the course of treatment allows for monitoring of treatment response. Recently, the Ultrasound Shoulder Pathology Rating Scale (USPRS) has been developed in humans (41) . This scale provides an objective quantification of the pathology observed and is used not only for diagnosis but also monitoring treatment and progression of disease. Further study is needed to establish an USPRS for dogs.
Diagnostic arthroscopy was useful in the identification of ST, which has not been described in the primary literature. A supraspinatus bulge was noted in 82.2% of the 218 dogs that had shoulder arthroscopy performed highlighting the importance of a thorough evaluation of the shoulder during arthroscopic exploration.
Additionally, concurrent shoulder and/or elbow pathology was a common finding on arthroscopy. Pathology consistent with medial shoulder syndrome was found in 62.4% of dogs. Of the 257 elbows in 191 dogs that were evaluated via arthroscopy, elbow pathology (fragmented medial coronoid process and/or medial compartment disease) was found in 54.5% of dogs. These findings suggest that concurrent shoulder and/or elbow pathology is not uncommon in dogs with ST. Our finding that concurrent injury to other forelimb structures is common also suggests the same repetitive actions that cause ST can also cause other forelimb injuries, such as traumatic fragmentation of the medial coronoid process (TFMCP), thereby increasing lameness of the affected limb (4, 15) . However, it is also possible that pathologies such as non-traumatic fragmented medial coronoid process (FMCP) or medial compartment disease (MCD) may not only exist concurrently but also potentially predispose patients to compensatory shoulder pathology, such as ST (4, 15) . This suggests that ST may be secondary in these cases and that treating the primary pathology should be considered when formulating a treatment plan.
When considering treatment options for ST dogs, it is important to note that many of the patients failed to respond to conservative management prior to presentation as 74.6% of patients failed to respond to NSAID (2, 10, 27) .
Treatment of acute cases of ST consists of conservative management including medical management, rehabilitation therapy, controlled activity, and acupuncture; however, treatment of chronic cases of ST is somewhat different. Dogs tend to take longer to recover due to the chronic nature of the changes in the tendon, as well as take longer to heal and progress through the different stages of exercises. The inflammatory process must be reinitiated in order to break down scar tissue and remodel the fibres of the tendon into their proper orientation, thus increasing its load capacity. NSAIDs are not recommended for chronic cases of ST because of the need to reinitiate the inflammatory response (2,4) . Treatment of chronic cases of ST often includes deep cross-friction massage, heat, ultrasound therapy, ROM and stretching. Acupuncture and cold laser therapy can also be utilised to increase circulation and reduce pain. Extracorporeal shockwave therapy has also been used in chronic calcified ST in both humans and dogs (2, 14, (42) (43) (44) .
Regenerative medicine therapy has also been utilised for ST in both humans and dogs, especially for cases where a core lesion is present (1, 7, 14, 43, 44, (48) (49) (50) (51) . Platelet-rich plasma (PRP), stem cell therapy (SCT), or a combination of these may be directly injected into the tendon under ultrasound guidance. Severe cases may require a second injection (1, 44, 49, 50) . This therapy may be used as a primary treatment, however; arthroscopic exploration of the shoulder is recommended in conjunction since concurrent pathologies are not uncommon. Arthroscopic treatments may be combined with an intra-articular injection of regenerative medicine therapy to aid in and speed the healing and recovery process (2) . Future studies are needed to evaluate the use of regenerative medicine therapy for ST and other tendon injuries in the canine.
The major limitation of this study is that it is a retrospective study. Shortcomings can include recall bias, missing data points and lost follow-up. For evaluation of treatments and outcomes, lack of randomisation and the influence of bias and confounders also come into play. However, the large number of cases identified in this study contributes a significant database to the current literature, until further controlled studies that objectively measure treatment outcomes are performed. Of note, the common clinical findings and diagnostic imaging characteristics of ST have been thoroughly described.
In conclusion, these findings suggest concurrent shoulder and/or elbow pathology is not uncommon in dogs with ST. Further, chronic ST often fails to respond to NSAID therapy and rehabilitation therapy, suggesting that other treatments such as regenerative medicine should be considered. Future studies are still needed to assess the use and efficacy of regenerative medicine for ST. 
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